Background: Non-steroidal anti-inflammatory drugs (NSAIDs) have demonstrated an anti-tumorigenic effect in several cancers. However, their use is associated with an increased risk in renal cell carcinoma (RCC) and their effect has not been assessed in patients with metastatic disease. Objective: We investigated the impact of NSAIDs on survival outcomes in patients with metastatic RCC (mRCC). Methods: We conducted a pooled retrospective analysis of 4,736 mRCC patients treated on phase II and III clinical trials. Patients were categorized as: aspirin (ASA) only users, non-ASA NSAIDs only users, ASA and non-ASA NSAIDs users, and NSAIDs non-users. The primary endpoint was overall survival (OS). Progression free survival (PFS), overall response rate (ORR) and adverse events (AEs) were secondary endpoints. OS and PFS were estimated using the Kaplan-Meier method and were assessed using multivariate Cox regression analysis. Results: We identified 457 (10%) ASA only users, 639 (13%) non-ASA NSAIDs only users, 61 (1%) ASA and non-ASA NSAIDS users, and 3579 (76%) NSAIDs non-users. OS and PFS were significantly worse in non-ASA NSAIDs users compared to the NSAIDs non-users (OS hazard ratio (HR): 1.47, p < 0.0001, median 11.6 versus 21.1 months; PFS HR: 1.29, p < 0.0001, median 4.6 versus 7.4 months). There was no difference in survival in ASA users or ASA and non-ASA NSAIDs users compared to NSAIDs non-users. Conclusions: Our analysis demonstrates that NSAIDs do not confer a survival advantage in mRCC patients. Further studies are warranted to elucidate the interaction of NSAIDS with targeted therapy in mRCC.
INTRODUCTION
Non-steroidal anti-inflammatory drugs (NSAIDs) are among the most commonly utilized medications in the U.S., with an estimated use of 17% in 2002 [1] . These agents inhibit cyclooxygenase (COX) activity, which leads to the suppression of prostaglandin synthesis, and ultimately decreased inflammation. Some NSAIDs, such as ibuprofen, reversibly inhibit both Cox-1 and Cox-2 isoforms, while others selectively inhibit Cox-2. Additionally, aspirin (ASA) is unique in that it irreversibly inhibits Cox-1 and Cox-2 [2] .
NSAID use is primarily indicated for the treatment of pain and inflammation as well as the prevention of cardiovascular disease [3] . Recently, there has been increasing interest in the role of NSAIDs as anti-tumorigenic drugs, particularly in colorectal cancer (CRC) [3, 4] . Epidemiological data demonstrate that NSAIDs use, including long-term ASA use, decreases incidence, metastasis and mortality risk in several cancers [5] [6] [7] [8] [9] [10] . NSAIDs are thought to exert their antitumor activity mainly by inhibiting COX-2, although recent evidence suggests additional COX-independent mechanisms [11] [12] [13] [14] . Several preclinical studies demonstrated the anti-tumor efficacy in vitro and in vivo [15] [16] [17] [18] . NSAIDs inhibited formation of early malignant lesions and caused regression of tumors in rodent models of CRC [19] [20] [21] [22] . Additionally, clinical trials have shown a modest benefit of NSAIDs in preventing the recurrence of colorectal adenomas [4, 23] .
In RCC, limited studies have evaluated the role of ASA and non-ASA NSAIDs in patients with localized disease and none have characterized outcomes for patients with metastatic RCC (mRCC). Non-ASA NSAIDs, unlike ASA, have been implicated as a risk factor for RCC development [24, 25] . Elucidation of the impact of ASA/NSAIDs in patient with mRCC is relevant to optimizing the evolving treatment landscape for patients with metastatic disease. Therefore, we investigated the impact of ASA and non-ASA NSAIDs on overall survival (OS), progression free survival (PFS) and objective response rate (ORR) in a large clinical trials database of mRCC patients treated with targeted therapies (TT).
PATIENTS AND METHODS

Study design
We conducted a retrospective analysis of mRCC patients treated on phase II (NCT00054886,  NCT00077974, NCT00267748, NCT00338884,  NCT00137423, NCT00835978) and phase III  (NCT00083889, NCT00065468, NCT000678392,  NCT00474786, NCT00631371, NCT00920816) clinical trials sponsored by Pfizer. Eligible patients had a diagnosis of mRCC and available concomitant medication data.
Baseline demographic, clinical, and laboratory data were collected. Patients receiving ASA and non-ASA NSAIDs at baseline were defined as users. Patients were grouped into four cohorts: ASA only users, non-ASA NSAIDs only users, ASA and non-ASA NSAIDs users, and NSAIDs non-users (reference). Informed consent was obtained from all patients participating in this study.
Treatment outcomes
The primary endpoint was OS, defined as the time from randomization for randomized studies or from initiation of therapy for non-randomized studies to death from any cause. PFS, ORR and adverse events (AEs) were secondary endpoints. PFS was defined as the time from randomization for randomized studies or from initiation of therapy for non-randomized studies to date of progression or death from any cause, whichever came first. Response was assessed using the Response Evaluation Criteria in Solid Tumors (RECIST) version 1.0. Treatment-associated AEs were defined according to the Common Terminology Criteria for AEs, version 3.0.
Statistical analyses
OS and PFS were estimated using the Kaplan-Meier method and were assessed using multivariate Cox regression analysis, adjusting for age, gender, race, Eastern Cooperative Oncology group (ECOG) performance status, histology, International mRCC Database Consortium (IMDC) risk factors, prior nephrectomy, prior therapy, sites of metastasis, baseline hypertension, baseline diabetes, and baseline angiotensin system inhibitor (ASI) use. OS, PFS and ORR were evaluated in the total cohort and in the following subsets: type of therapy (vascular endothelial growth factor TT vs. mammalian target of rapamycin (mTOR) TT, vs. interferon-alpha (IFN-␣) therapy) and line of therapy (first vs. second line). Serious grade ≥3 AEs occurring in >3% of patients and selected AEs of interest representing overlapping toxicities of TT and NSAIDs of any grade were summarized. All p values were two sided. Statistical analyses were conducted using SAS.
RESULTS
Baseline characteristics
Overall, 4,736 patients were included in the analysis of which 457 (10%) were defined as ASA users, 639 (13%) as non-ASA NSAIDs users, 61 (1%) as ASA and non-ASA NSAIDS users, and 3579 (76%) as NSAIDs non-users. The majority of patients were <65 years of age (n = 3258, 69%), male (n = 3363, 71%) with good performance status (n = 4653, 98%) ( Table 1) . Some baseline characteristics differed 
Treatment exposure
The majority of patients had undergone prior nephrectomy (n = 3325, 70%) and were naïve to systemic therapy (n = 3163, 67%) prior to clinical trial enrollment. Patients were treated with VEGF TT (n = 3511, 74%), mTOR TT (n = 665, 14%), and IFN-␣ (n = 560, 12%). Dose reductions (n = 1484, 31.3%) and treatment discontinuations (n = 675, 14.3%) due to AEs were similar across the cohorts.
Impact of ASA and non-ASA NSAIDS use on OS and PFS
For the overall cohort, OS was significantly worse in non-ASA NSAIDs users compared to the NSAIDs non-users (HR: 1.47, 95% confidence interval (CI) (1.31-1.65), p < 0.0001, median OS: 11.6 months and 21 months, respectively) ( Table 2 , Fig. 1 ). Consistent with OS, PFS was also significantly worse in non-ASA NSAIDs users when compared to nonNSAIDs users (HR: 1.29, (95% CI 1.16-1.44), p < 0.0001, median PFS: 4.6 and 7.4 months, respectively) (Table 2 ). However, there was no statistically significant difference in the PFS of ASA users and ASA and non-ASA NSAIDs users when compared to the PFS of NSAIDs non-users.
Similarly, OS was significantly shorter in non-ASA NSAIDs users compared to the NSAIDs non-users when stratified by line (first or second line) and type of therapy (VEGF-TT, mTOR-TT and IFN-␣) ( Table 2) . PFS was lower the in non-ASA NSAIDs users compared to the NSAIDs non-users in the first line setting and in all types of therapy.
Impact of ASA and Non-ASA NSAIDS use on ORR
In the total cohort, ORR was 28% in ASA users, 26% in NSAIDs non-users, 20% in ASA and non-ASA NSAIDs users and 16% in non-ASA NSAIDs users. The majority of the patients had stable disease (n = 2403, 50.7%) followed by partial responses (n = 1127, 23.8%). The number of complete responses (CR) were low (n = 33, 0.7%).
Adverse events
Any grade AEs were similar between the cohorts and included fatigue, diarrhea and nausea (Table 3) . The most common grade ≥3 AEs were fatigue (n = 735, 16%), hypertension (n = 420, 9%), anemia (n = 363, 8%), hand-foot syndrome (n = 267, 6%), diarrhea (rn = 256, 5%), and dyspnea (n = 193, 4%) ( Table 3) . 
DISCUSSION
Our study is the largest study to date evaluating the impact of ASA and non-ASA NSAIDS on survival outcomes in mRCC patients. It utilizes a large clinical trial database of 4,736 mRCC patients treated with a wide range of systemic treatments in the era of targeted therapy. Our data show that the use of non-ASA NSAIDs in mRCC patients is associated with shorter OS and PFS compared to the non-use of NSAIDs. We also demonstrate that there is no difference in the survival outcomes (OS and PFS) in ASA users or ASA and non-ASA NSAIDs users compared to NSAIDs non-users.
In the era of drug repurposing, ASA and non-ASA NSAIDs have been extensively investigated in cancer. However, these studies are limited in RCC, and no study has investigated the impact of these agents in the metastatic setting. In RCC, studies have reported on the association of ASA and non-ASA NSAIDs and the incidence risk [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] . A meta-analysis of 20 observational studies including 8,420 kidney cancer cases found that non-ASA NSAIDs use was associated with a higher incidence of RCC [25] . The association was stronger when non-ASA NSAIDs were used at higher doses and for longer periods of time. However, ASA was not associated with an increased risk of kidney cancer, although the analysis was limited by study heterogeneity. Similarly, Cho and colleagues examined the impact of NSAIDs on RCC risk in 126,568 subjects prospectively followed for 16-20 years as part of the Nurses' Health Study and the Health Professionals Follow-up Study, longer use of non-ASA NSAIDs was associated with an increased risk of RCC while ASA was not [24] . A large prospective cohort study of 298,468 men and women evaluated the impact of NSAID in RCC and demonstrated an association between NSAID use and RCC risk only when stratified by age [29] .
The anti-tumorigenic mechanism of NSAIDs has been largely attributed to their COX inhibitory activity, although COX-independent mechanisms have been suggested as well. They inhibit tumor growth by inducing apoptosis of tumor cells and inhibiting the Wnt/␤-catenin signaling pathway [34] . In RCC, COX-2 expression is present in the majority of the tumors and correlates with worse stage, grade, and microvessel density and poorer survival [35] [36] [37] [38] .
COX-2 inhibition has been investigated in preclinical studies and subsequently in clinical trials due to its promising effects in vivo. In a phase II trial of celecoxib (Selective COX-2 inhibitor) and IFN-␣ in 25 mRCC patients, the addition of celecoxib did not increase the response rate and the time to progression compared to IFN-␣ alone [39] .
The doses used for management of pain and inflammation may be suboptimal for achieving tumor growth and COX-inhibition, given that doses required for tumor growth inhibition are higher than those need for COX-inhibition [34] . Although the combination of COX-inhibitors and VEGF-TKIs has not been investigated in clinical trials, the combination was found to inhibit tumor growth in preclinical models where COX-2 expression was associated with hypoxia and sunitinib resistance [40] . In our study, NSAIDs did not confer a survival advantage in mRCC, which could be explained by their kidneyspecific toxicity profile and their potency.
Unfortunately, the four groups were not balanced in terms of baseline and disease characteristics. However, we adjusted for known prognostic variables in our multivariate analysis including performance status, IMDC risk group, presence of bone and liver metastases, and ASI and statin use. In particular, non-ASA NSAIDs users had a higher percentage of patients with poor prognostic features including IMDC poor risk disease, presence of bone and liver metastases, and lower percentage of ASI and statin use. Given that non-ASA NSAIDs are a form of analgesic, this could reflect that patients using non-ASA NSAIDs have more symptomatic disease compared to patients using ASA for preventative reasons. Additionally, NSAIDs use is associated with an increase in blood pressure, decrease in renal function and risk of chronic renal failure. This is particularly worrisome in RCC patients who have underwent nephrectomy and are more susceptible to the nephrotoxic effects of NSAIDs. In our study, we did not adjust for baseline creatinine, as a surrogate for kidney function, however, non-ASA NSAID users did not have a higher rate of hypertension or proteinuria when compared to the NSAIDs non-users. They also had similar rates of dose reductions and treatment discontinuations due to AEs. Additionally, Charlson comorbidity scores were not available.
Since the database was not specifically designed for the purpose of this study, duration, dosage or constituents of the drugs used were not captured. Treatment with these agents was at the discretion of the treating physician, including indications, dosages and durations of use. It is also worth mentioning that non-ASA NSAIDs users and NSAIDs non-users were mostly treated outside the US. In our previous metaanalysis of the impact of the NSAIDs on the risk of kidney cancer, ASA was associated with a higher incidence risk in non-US countries but not in the US [25] . Additionally, the number of patients using both ASA and non-ASA NSAIDs was small (n = 61). Hence, these results should be interpreted cautiously as hypothesis-generating rather than definitive and they need to be validated in larger prospective studies. Finally, our patient population may not be representative of the "real-world" population as all patients were enrolled on clinical trials. Though a multiple targeted therapies were included in this analysis, we did not investigate the association with newer agents such as cabozantinib or immunotherapy.
In conclusion, NSAIDs do not confer a survival advantage in mRCC patients, with non-ASA NSAIDs being associated with worse survival outcomes when compared to NSAIDs non-users. Additional studies are warranted to investigate the association of NSAIDS with new agents such as cabozantinib and nivolumab. Additionally, our data are thoughtprovoking and warrant validation. Pre-clinical studies investigating the interaction of NSAIDS with targeted therapy and immunotherapy in RCC are warranted to corroborate our results and highlight the mechanism of action underlying our observations.
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